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Introduction
Tuberculosis (TB) represents one of the most challenging threats to global human health. M. tuberculosis causes about 9 million new cases of active tuberculosis and 1.5 million deaths annually [1] . Moreover, it is estimated that over one-third of the world's population has latent tuberculosis infection, which represents a huge reservoir for the disease. Exponential development of travel extends this threat worldwide [1] . Ninety-five percent of cases occur in developing countries, where the lack of proper health care systems leads to incomplete case detection and treatment. The high prevalence of Human Immune Virus (HIV), which weakens the immune system, favors the spread of latent TB infection. The emergence and spread of resistance to first line TB drugs has rendered the control of the disease more difficult in sub-Saharan Africa [1] .
Cameroon, a country with 20 million inhabitants has been classified as a moderate tuberculosis burden country according to the World Health Organization (WHO) [1] . According to Cameroon's National TB Control Program (NTBCP), tuberculosis still remains a major public health problem: an important cause of mortality and morbidity, with a negative impact on the socio-economic condition of the population. According to the National TB Control Program 26110 tuberculosis cases were recorded, representing an increase rate of 3% of total cases in 2013 against 2012 that registered 25 360 cases despite the implementation of the directly observed treatment short course strategy (DOTs) [2] . This paper is a meta-analysis review of the molecular diversity and drug sensitivity trends to first line TB drugs and the threat of multi-drug resistant (MDR ) strains to the TB control programs in Cameroon.
Methodology
A very large selection of papers from the last 20 years was done through Google, Google scholar, Pub Med using as keys words 'Mycobacterium tuberculosis, tuberculosis, resistance to first and second line drugs, molecular typing, Cameroon'. The paper to be selected for analysis must have dealt with at least one of the key words and must have been carried out in at least one of the regions of Cameroon. The selected paper was red and the required information for the review was then extracted.
Mycobacterium Species Infecting Humans in Cameroon
Tuberculosis is an infectious and contagious disease caused by Mycobacterium (M.) tuberculosis Complex (Mycobacterium tuberculosis, Mycobacterium africanum, Mycobacterium bovis, Mycobacterium microti and Mycobacterium canetti). Many studies have been conducted in Cameroon to identify the species of the Mycobacterium tuberculosis complex (MTBC) responsible for pulmonary tuberculosis. In the 1970s, one study performed 30 years ago reported that 56% of cases of TB were due to Mycobacterium africanum (M. africanum) strains in Cameroon and 44% of cases were due to others species (M. tuberculosis and M. bovis) [3] . A subsequent study conducted by Niobe-Eyangoh et al. in 2003 [4] using the similar methods used described by Huet et al. [3] , analyzed the biodiversity of M. tuberculosis complex isolates collected from the population of the West Region, showed that only 9% of strains were M. africanum. Despite the use of more sensitive and specific genotyping methods only 9% of the isolates were classified as M. africanum. This suggested that the decreasing trend observed could not be attributed to identification bias but was in fact due to a genuine regression of M. africanum as the etiologic agent of TB in Cameroon in the last 3 decades (from 56 to 9%). Also from that study they found that, despite the high prevalence of bovine TB in Cameroon [5] , pulmonary TB caused by M. bovis in humans remains rare, thus only 41 (9%) of the 455 M. tuberculosis complex strains were M. africanum, while 413 were M. tuberculosis, and 1 was M. bovis [4] . A more recent study done in Centre and West regions of Cameroon by Assam-Assam et al. showed by Molecular analysis that all TB cases reported in this study were caused by infections with M. tuberculosis (98.8%; 167/169) while Mycobacterium africanum had dwindled to (1.2%; 2/169) respectively and no M. bovis was detected [6] . This latter study also indicated a shift in type of infectious agent M. africanum versus M. tuberculosis [6] . A study conducted by Kamgue et al. in the Centre region of Cameroon showed that on the 298 isolates analyzed, 291 (97.65%) were classified as Mycobacterium tuberculosis and 6 (2.03%) as Mycobacterium africanum species. The remaining one isolate was identified as Mycobacterium bovis [7] . This latest also confirmed the regression of M. africanum as the etiologic agent of TB in Cameroon and demonstrates that pulmonary TB caused by M. bovis in humans remains rare. The low rate of human pulmonary TB caused by M. bovis in these studies could be explained by different factors: (i) a high number of the M. bovis infections are responsible for extra-pulmonary TB cases and in these studies the TB cases were essentially pulmonary cases or (ii) pulmonary TB due to M. bovis may be more frequent in rural areas [7] . However, the majority of the patients in these studies were from urban areas like Yaounde, Mbalmayo and Bafoussam. Thus it is evident that, M. tuberculosis, M. africanum and M. bovis remain the MTBC species causing pulmonary TB in Cameroon with a large predominance of M. tuberculosis, a large regression of M. africanum and a rarity of M. bovis.
Bovine tuberculosis (bTB) is an important neglected zoonosis in Cameroon, where many communities depend on their livestock for livelihood and the incidence of human TB and TB-HIV/AIDS coinfection are high and increasing annually [8] . It is mainly caused by Mycobacterium bovis which can also cause disease in human and in a variety of domestic and wild animals [8] . A study done by Ndukum et al. in littoral and West region of Cameroon showed that TB lesions are common pathologies identified in slaughtered cattle and rates ranging from 0.18% to 4.25% have been recorded [9, 10] . Another study done by Ndukum et al. in the Adamaoua region and North West region of Cameroon to estimate the prevalence of bovine TB in cattle in the highlands of Cameroon. showed that bovine TB is prevalent in live cattle and meat production abattoirs in Cameroon. Furthermore, bovine TB was found to be widely distributed in live cattle (4.67-5.44%) and was higher in the Western highlands than Adamawa plateau [11] . A survey by Koro Koro et al. in Littoral and Centre regions showed a prevalence of 0.81% and 1.3% of bovine tuberculosis in Yaoundé and Douala abattoirs respectively. This result show that bovine tuberculosis can be still prevalent at low levels in cattle destined for human consumption in Cameroon and highlighted the importance of rigorous veterinary inspection of animals destined for human consumption. [12] .
Evolution of TB Cases in Cameroon
In Cameroon, a country with 20 million inhabitants, the incidence rate of TB is estimated to have increased from 77 cases per 100,000 inhabitants in 2000 to 91 cases per 100,000 inhabitants in 2004 [13] . Figure 1 shows an extended bell shaped prevalence graph with TB increasing over the decade from 1990 to 2000 levelling between 2002 and 2004 and tending to drop thereafter. This trend reversal can be explained at least in part by the institution of the NTBCP in 2004. We note an increase until the year 2006 with a trend to stabilization since than: The number of sm+ pulmonary TB cases notified represents about 95% of the estimated cases [14] . On the contrary, there is a detection gap of more than 50% with regard to sm-and extra-pulmonary TB cases according to WHO estimations [14] . In 2013 26,110 new sputum smear-positive cases were reported, even if it has stabilize since 2008 we can notice that the number of cases is still high (Figure 1 ). Table  1 based on the according to the National Control TB Program (NCTP) report of 2013. As we can notice, this results obtained per region is very high and has increase the number of Center for Diagnosis and Treatment (CDT). Actually the NCTP has 216 CDT distributed in the 10 regions of the country (Table 1 ).
A better view of this number of cases per regions as shown by

Molecular Typing of Tb Isolates in Cameroon
In recent years, molecular typing methods have become useful tools in epidemiological studies for the control of TB, and have revealed insights into the population structure of clinical isolates in different geographical locations. Two of the most useful typing methods are spoligotyping [15] based on polymerase chain reaction (PCR) amplification of a highly polymorphic direct repeat locus in the M. tuberculosis genome, and mycobacterial interspersed repetitiveunit-variable-number tandem-repeat (MIRU-VNTR) [16] , which uses length polymorphisms of mini-satellite-like loci in the genome. Spoligotyping targeting the direct repeat locus is a rapid, simple, and cost-effective system that allows the simultaneous detection and differentiation of M. tuberculosis complex (MTBC) strains and provides genotypic information [15] . It is a good indicator of strain identity and provides information about epidemiologically important clones [17] . Another advantage of spoligotyping is its ability to measure the overall diversity of M. tuberculosis complex strain patterns, including differences between regions and populations and the prevalence of endemic strains [18, 19] . MIRU-VNTR typing is technically flexible, as sizing can be done using capillary [20, 21] or gel electrophoresis [22] or non-denaturing high-performance liquid chromatography [23] . It is one of the most promising PCR-based methods for detecting the number of tandem repeats at a given genetic locus. Supply et al. [24] defined a set of 15 MIRU-VNTR loci for molecular epidemiological investigations and a set of 24 MIRU-VNTR loci for phylogenetic analysis of M. tuberculosis strains worldwide. In support of this, another study concluded that this "real-time" MIRUVNTR genotyping approach was highly applicable for population based studies [25] . This view was reinforced by a study conducted in the Brussels region, where the authors concluded that a standardized MIRU-VNTR genotyping method could be a new reference for epidemiological and phylogenetic screening of M. tuberculosis strains because it is useful to confirm spoligotyping clusters or to discriminate among the isolates that they contain [26] .
All TB cases
New TB cases
Ealry work on the molecular typing of TB isolates in Cameroon was done by Sara Eyangoh et al. from 455 M. tuberculosis complex strains collected in West region. Spoligotyping of the 413 M. tuberculosis isolates revealed 72 distinct spoligotypes. Thirty-five unique spoligotype patterns were seen, and the remaining 375 isolates grouped into 37 clusters. Most of the clusters contained only two strains (15 clusters). One cluster included 140 isolates. Overall, the clustering rate was much higher among M. tuberculosis strains (91%) than among M. africanum strains (66%). These results reflect the presence of a predominant genetic group in Cameroon, including 31% of the M. tuberculosis complex strains, and show transmission of an endemic strain. The other strains were genetically heterogeneous, showing high local diversity. The main M. tuberculosis cluster (140 isolates) corresponded to spoligotype 61. The second-largest group corresponded to the ubiquitous Haarlem family (spoligotypes 50 and 47), which represents 11% of all M. tuberculosis complex strains. The African-type M. tuberculosis (spoligotype 52), as defined by Kremer et al. [17] , represented 5% of all M. tuberculosis complex strains. Finally, 4.5% of the M. tuberculosis strains were the ubiquitous spoligotype 53. None of the strains had the spoligotype of the worldwide expanded epidemic Beijing family. The most prevalent spoligotype was 61, which was shown by isolates from 140 patients. This spoligotype represents 34% of all M. tuberculosis isolates. The specific characteristic of spoligotype 61 is the lack of spacers 23, 24, and 25 in the DR region [4] . Cameroon family M. tuberculosis strains (i) are part of the major genetic group 2 and lack the TbD1 region like other families of epidemic strains, (ii) lack spacers 23, 24, and 25 in their direct repeat (DR) region, (iii) have an identical number of repeats in 8 of 12 variable-number tandem repeats of mycobacterial interspersed repetitive unit (MIRU-VNTR) loci, (iv) have similar IS6110-restriction fragment length polymorphism (RFLP) multiband patterns (10 to 15 copies) with seven common IS6110 bands, (v) do not have an IS6110 element in their DR locus, and (vi) have four IS6110 elements in open reading frames (adenylate cyclase, phospholipase C, moeY, and ATP binding genes) [27] . Their findings confirm the recent expansion of this family in Cameroon and indicate that the interpretation of molecular typing results has to be adapted to the characteristics of the strain population within each setting.
Subsequent work on molecular typing of TB isolates collected from Yaoundé was done by Penlap et al. in 2010 has suggested a preponderance of LAM10_CAM using spoligotyping method and also 8 new spoligotypes were discovered. There results present also a predominance resistant phenotypes among the LAM10_ CAM family [28] .
In 2013 a work done in the savannah mosaic zone (West and North West regions) and the tropical rainforest zone (Central region) by Assam-Assam et al. showed that most TB cases reported in that study were caused by infections with M. tuberculosis (98.8%) and M. africanum (1.2%) respectively. In the tropical rainforest zone (Centre Region), 71 isolates were subjected to spoligotyping, 17 discrete spoligotypes of M. tuberculosis were detected. A total of 59 (83%) isolates were grouped into five clusters (LAM10_CAM, Haarlem, T1, Uganda I, T2) whereas 12 (17%) presented a single spoligotype each. The 17 Spoligotypes were compared with those contained in the international spoligotyping database (SpolDB4) and it was found that 61 isolates were already described in SpolDB4 while 10 were new or unique. In the savannah mosaic zone (West region and North-West region), spoligotyping showed that 25 patterns were detected among the 98 isolates. A total of 73 (74.4%) isolates were grouped into 7 clusters (LAM10_CAM, Haarlem3, T1, T2, T5, LAM1, Haarlem1), whereas 25 (25.6%) presented a single spoligotype. The 98 isolates were compared with those contained in the international spoligotyping database (SpolDB4). A total of 78 isolates were already described in SpolDB4 while 20 were new and unique It can be seen that the largest cluster of 33 (33.6%) belonged to the Latin American-Mediterranean (LAM) family and exclusively to the type called LAM10_CAM. Other prominent strains included the Cameroon family (spoligotype ST 61), the Ghanian and Harlem spoligotypes. One single strain is designated in the SpolDB4 database as spoligotype 450 called Uganda I family and another as spoligotype 332 called West African 1 family. The clustering rate of the spoligotyping was 0.52. MIRU-VNTR analysis was performed in both ecological zones on all the 169 M. tuberculosis isolates by using 24 published markers, which included 12 MIRU, 3 ETR, 7 QUB and 2 VNTR loci. The 169 isolates were all distributed into unique patterns (100%). The clustering rate of the MIRU-VNTR was 0.014 for the tropical rainforest zone and 0 for the savannah mosaic zone. The allelic diversity (h) differed for the individual loci, ranging from 0.01 to 0.75 for all zones investigated. The MIRU40, QUB 26 and QUB11b loci showed the highest discriminatory power (h = 0.74), ETRB, QUB26, QUB4156 also showed the high allelic diversity (h = 0.6-0.68), and five other loci (MIRU 2, MIRU4, MIRU 23, MIRU31, and MIRU39, Mtub 34) showed low discriminating power (h < 0.2). The other supplemental locus had a relatively high allelic diversity (0.2<h<0.6). The combination of the spoligotyping and MIRU-VNTR data revealed a further resolution of some of the clustered isolates identified by spoligotyping alone [29] .
Another work done by Kamgue et al. on specimens collected from Centre region of Cameroon showed that Spoligotyping was performed by PCR-amplification followed by the reverse hybridization of 298 cultured specimens. Spoligotypes patterns were identified by comparison to reference strains in SPolDB4 database via the MIRU VNTR plus web application. About 97.65% of all tuberculosis (TB) cases were attributed to M. tuberculosis. A total of 65 different profiles were identified. Of these, 40 were represented as Shared Types (ST) while the others were orphans. LAM10_CAM and Haarlem families were the most prevalent genetic families with 51.01% and 14.09% respectively. ST 61, a member of the LAM10_ CAM family formed the largest cluster with 128 (42.95%) isolates. No association was found between genotypes with regard to drug resistance and HIV sero-status. However, there was a significant association between genotypes and age groups. Patients belonging to 15-24 and 35-44 age groups were more likely infected by LAM10_CAM strains compared to others. The population structure of Mycobacterium tuberculosis complex strains from the Centre region was found to be diverse and the spoligotype 61 of the LAM10_CAM family was highly pre-dominant. Isolates of the LAM10_CAM seem to be not associated with drug resistance [7] . Koro Koro et al. showed in another previous work that M. africanum appears to be really polymorphic. The Afri-2 family previously reported as a majority in West African countries counted 15 strains [30] . The 546 strains identified as M. tuberculosis were split into 81 different spoligotypes. Of the 565 MTBC strains, a total of 260 strains belonged to the Cameroon family, representing 45.9% and 47.6%, respectively, of the M. tuberculosis isolates, compared with 43% and 47%, respectively, found in the late 1990s [28] . The largest cluster of this family was formed by 186 isolates grouped in ST 61. The other commonly described lineages were Haarlem (103 isolates), T1 (55 isolates), and T2 (48 isolates), which together showed an increasing trend, shows the evolution of the MTBC population over a period of 7 years. None of the strains presented the spoligotype of the worldwide-expanded epidemic Beijing family; one strain was identified as M. bovis. The Cameroon family, as suggested by different studies on the Beijing family [31] [32] [33] , could also have some selective advantages over other M. tuberculosis genotypes present in Cameroon, including virulence, pathogenesis, and epidemiologic characteristics. The table below give a summary of the genotyping of Mycobacterium tuberculosis complex from some important studies showing a diverse distribution of Mycobacterium tuberculosis species with the predominant spoligotypes as Cameroon family, Haarlem family and T1 clade in the investigated regions compared with previous work where it as not easy to determine new sub species (spoligotypes) because only the biochemical tests were used to study the diversity ( Table 2 ).
Drug Sensitivity of Tb Isolates and the Emergence of MDR in Cameroon
Between 1997/98 and 2004/05 two drug hospital-based resistance surveys were conducted in the West Region of Cameroon. Sampling followed the protocol, recruiting systematically all consecutive new and retreatment cases during one year. The result shows the evolution of the anti-TB drug resistance profiles during a 7-years period, separated for new patients and for re-treatment patients. Looking at the trends of resistance patterns we observe a) a statistically insignificant decrease of initial and acquired overall resistance and b) a statistically insignificant rise of initial and acquired MDR. The decrease is principally due to the decrease of resistance to S (initial resistance) and H and S (acquired resistance) [31] .
We further observed a very pronounced decrease of the proportion of re-treatment cases (23% in 1997/98 versus 8% in 2004/05) which means a decrease of the total reservoir of resistance. If we extrapolate these figures to the rest of the country we can expect annually between 2-4% of new sm+ cases or at least about 280 patients to be primary resistant MDR-TB cases [31] .
For the emergence of drug resistant TB in Cameroon several reasons may be evoked: Firstly, the economic crisis of the country during the late 1980's and the beginning of the 1990'ss resulted in a complete decline of the TB program which hitherto provided aa well organized and free diagnosis treatment and follow up of TB cases before the crisis. Diagnosis, treatment and follow up of TB patients became the individual responsibility of the treating physicians. As such the treatment of TB patients was disorganized until the reactivation of the National TB Program (NTP) from 1996 onwards, which attained covered the entire national territory only six years later in in 2002. Secondly, primary and secondary resistance to the first line drugs rifampicin and isoniazid (INH ) to MTB isolates from Cameroonian TB patients arose and reached about 12% and 40%, respectively, based on data from 2004-05 from the West Region. Additional resistance to rifampicin (R) can develop during treatment with the actual treatment scheme. Thus we can consider the rise of MDR-TB to have resulted from the shift from an older type of treatment regimen where R was not used continuously throughout the treatment period. Thirdly, treatment regimens were not standardized and physicians were left on their own to implement whatever treatment regimen they considered effective. Several specialists, not being associated with the NTP, experimented with repeated re-treatment schemes, sometimes associating thioacetazone -however without curing their patients. Fourthly, as treatment for MDR-TB was not readily available due to geographic, financial and health system constraints. MDR-TB patients
Regions of Cameroon
Genotyping methods used Findings Reference without treatment transmitted their germs to their environment thereby excercebating the crises. Fifthly, noncompliance with treatment regimens favoured the emergence and spread of MDR-TB [31] .
The emergence of anti-tuberculosis drug resistance is a serious problem for TB control program in industrialized and developing countries alike. A global project on anti-tuberculosis drug resistance surveillance by the WHO and the International Union Against Tuberculosis and Lung Disease (IUATLD) [1] reported a prevalence of initial drug resistance of more than 10% in over 30 countries; it also identified 14 countries in which the prevalence of initial multidrug resistant TB strains (MDR-TB) (defined as resistance to at least isoniazid [INH] and rifampicin [RMP]) was more than 3%. In a 2000 WHO report on Africa, the overall level of initial resistance varied from 6.3% to 24.8%, and the level of MDR-TB from 1% to 5.3% [32] . However, the data available on the rates of drug resistance in Africa are not extensive and up to date. In Cameroon, a country with over 18 million inhabitants distributed in 10 regions (previously provinces), the incidence of tuberculosis is relatively high, with more than 300 new cases per 100,000 inhabitants yearly [33] . Further contribution to the increased death rate due to TB in the country has been the emergence of drug resistant strains to nearly all first line drugs [34] . RIF, INH, SM, and EMB are components of first-line multidrug therapy in Cameroon [4] . Between 1997 and 1998 in the West region of Cameroon, the overall resistance rate to at least one anti-TB drug was 26.9%, with initial resistance being 19.7% and acquired resistance 51.1% [34] . In the Centre region of the country, the rate of initial resistance to at least one drug in 1995 was 31.8%, and in 1998 it was 35.2% [26, 35] .
To determine the prevalence of acquired resistance (ADR) to the main anti-tuberculosis drugs and to identify risk factors associated with its occurrence in Yaounde. A total of 111 previously treated adults admitted consecutively to the tuberculosis centre with sputum smear-positive pulmonary tuberculosis between June 1996 and July 1997 were included in the study done by Kuaban et al. [36] . Growth of M. tuberculosis complex was obtained from sputum specimens of 98 (88.3%) of the 111 patients studied; 57 (58.2%) of these were resistant to at least one anti-tuberculosis drug. Resistance to isoniazid was the most common (54.1%), followed by resistance to rifampicin (27.6%), streptomycin (25.5%) and ethambutol (12.2%). Multidrug resistance was observed in 27 (27.6%) of the cases. In a multivariate logistic regression analysis, ADR was significantly associated only with monotherapy used in previous tuberculosis treatment(s). The rate of acquired resistance was determined in the Centre region to be 58.2% [6] . Another study in 15 district hospitals of the West region of Cameroon by Kuaban et al. between July 1997 and June 1998. To determine the prevalence of initial and acquired resistance to the main anti-tuberculosis drugs 2 years after the implantation of a tuberculosis control program in the region. Testing of susceptibility to the major anti-tuberculosis drugs was performed by the indirect proportion method. Growth of Mycobacterium tuberculosis complex strains was obtained from specimens of 566 (92%) of the 615 patients. The overall resistance rate (one or more drugs) was 26.9%, with initial resistance being 19.7% (86/437) and acquired resistance 51.1% (66/129). Initial resistance to isoniazid was the most common (12.1%), followed by streptomycin (11.7%), ethambutol (2.5%) and rifampicin (2.1%). Initial resistance was noted as 13.5% to one drug, 4.3% to two, 1.1% to three and 0.7% to four. Acquired resistance to isoniazid was the most frequent (41.1%), followed by streptomycin (26.4%), rifampicin (14.7%) and ethambutol (9.3%). Acquired resistance was 25.6% to one drug, 14.7% to two, 7% to three and 3.9% to four. The proportion of resistant tuberculosis in the West Province was quite high. This underscores the need for the improvement of the control program by introducing the DOTS strategy [37] .
Data on the levels of resistance of Mycobacterium tuberculosis complex (MTBC) strains to first line anti-tuberculosis drugs in Cameroon, and on the species of MTBC circulating in the country became obsolete 10 years after the last studies, and 6 years after the re-organisation of the National Tuberculosis (TB). A survey by Assam et al. from February to July 2009 in the West and Centre regions of Cameroon showed that of the 756 suspected patients, 154 (20.37%) were positive by smear microscopy and among these, 16 (10.70%) were resistant to at least one drug (13.30%) for the West region and 8.10% for the Centre). The initial resistance rates were 7.4% for the Centre region and 11.30% for the West region, while the acquired resistance rates were 16.66% (1/6) for the Centre region and 23.07% (3/13) for the West. Within the two regions, the highest total resistance to one drug was obtained with INH and SM (2.68% each). Multidrug-resistance (MDR) was observed only in the West region at a rate of 6.67%. No resistance was recorded for EMB [13] on the same idea a work done in South, East regions showed that 11.9% were resistant to at least one drug. The initial resistance rate was 13.7% for the both regions, while no acquired resistance was found. Multidrug-resistance (MDR) was observed only in the South region where it was detected in 1.58% (1/63) isolates. No resistance was recorded for ethambutol (EMB) in the two regions [38, 39] .
A retrospective cohort study was conducted in the Littoral Region of Cameroon in 2009 by Jurgen Noeske et al. including all sputum smear positive (SM+) PTB cases registered for retreatment. TB cases were identified and classified according to World Health Organization (WHO) recommendations for national TB programs. Bacterial susceptibility testing to first-line anti-TB drugs was performed using standard culture methods. In 2009, 5,668 TB cases were reported in the Littoral Region, of which 438 (7.7%) were SM + PTB retreatment cases. DST results were available for 216 (49.4%) patients. Twenty six patients (12%) harbored multi-drug resistant (MDR) strains. Positive treatment outcome rates were particularly low in retreatment patients with MDR-TB (46.2%; 95% CI: 27.1-66.3). Thirteen MDRTB patients were successfully treated using a standardized MDR treatment regimen [40] .
Kamgue et al. conducted a cross-sectional study from April 2010 to
March 2011 in the Jamot Hospital in Yaounde showed that, from a total of 665 smear positive pulmonary tuberculosis patients enrolled. The overall resistance rate was 10.9% (63/576). The overall resistance rates for single drug resistance were: isoniazid-resistance 4.7% (27/576), streptomycin-resistance 3.3% (19/576), rifampicin-resistance 0.2% (1/576), kanamycin-resistance 0.2% (1/576) and ofloxacin-resistance 0.2% (1/576). The MDR rate was 1.1% (6/576) and no extensively drug resistant tuberculosis (XDR) was detected [41] .
TB drug resistance mechanisms
Major advances in molecular biology and the availability of new information generated after deciphering the complete genome sequence of M. tuberculosis [42] , have led to the development of new tools for rapid detection of drug resistance [43, 44] . Molecular methods are based on assigning the presence or absence of certain mutations in specific positions or genetic locations which are known to be associated with resistance [45] . About 95% of rifampicin (RIF)-resistant strains have mutations in the 81-bp core region of the rpoB gene encoding the β-subunit of the RNA polymerase, named RIF-Resistance Determining Region (RRDR) [46] . In contrast to RIF, the situation for isoniazid (INH) is much more complex. Resistance mutations have been reported in at least 4 different genes including katG, inhA, ahpC and oxyR [13] . Meanwhile, resistance against streptomycin (SM) has been reported to be associated with mutations in rrs gene, which codes for 16S ribosomal RNA, and rpsL coding for the ribosomal protein S12 [47] and these mutations are found in a limited proportion of clinically isolated SM-resistant M. tuberculosis strains. Recently, Okamoto et al. [48] found that mutations within the gidB gene which encodes a conserved 7-methylguanosine (m7G) methyltransferase specific for the 16S rRNA, is associated with low-level SM-resistance and are an important cause of resistance found in 33% of resistant M. tuberculosis isolates. Resistance to ethambutol (EMB) is primarily mediated by mutations in the embB gene, coding for an arabinosyl transferase participating in mycobacterial cell wall synthesis, with codon 306 being most frequently affected [49] . Furthermore, mutations in the embA [50, 51] and upstream of embC [52] [53] [54] had a −15C→T mutation in the inhA promoter region, and 1 (2.2%) a −32G→A mutation in the ahpC promoter region. All of the 7 rifampicin resistant (RIFR) isolates carried mutations in the rpoB gene (at codons Ser531Leu (71.4%), His526Asp (14.3%), and Asp516Val (14.3%)). Of the 27 streptomycin resistant (SMR) isolates, 7 carried mutations at the rpsL and the gidB genes. 1 of the 2 ethambutol resistant (EMBR) isolates displayed a mutation in embB gene. Table 3 presents a summary of resistance profile of Mycobacterium tuberculosis in different selected regions of Cameroon showing a predominance resistance to isoniazid and streptomycin with a small decrease of MDR and no XDR registered ( Table 3 ).
Control of Tb and the National Anti-Tb Control Program
The history of tuberculosis control in Cameroon from 2009 back to 1980 can be divided into three main periods. The first period, from 1980 to 1994, corresponded to the implementation of the 'primary health care' policy. At that time, tuberculosis case management was delivered free of charge, but centralized in specialized services with a gradual and mild increase in new cases detected. The second period, from 1995 to 2000, was characterized by the implementation of the 'primary health care reorientation' policy that decentralized tuberculosis care to all health facilities, but introduced cost recovery --which came along with a dramatic drop in the number of tuberculosis cases detected. The National tuberculosis control program, established in 1996, entrusted health facilities--especially hospitals--with the responsibility of tuberculosis diagnosis and treatment, and referred to them as tuberculosis diagnosis and treatment centers. During the third period, from 2001 to 2009, owing to major support from global health initiatives, the number of tuberculosis diagnosis and treatment centers was increased (reaching 216 centers in 2009), with a significant increase of new cases detected that peaked in 2006, from where the situation started declining till 2009 [35] .
Current management protocol for MDR-TB cases in cameroon
Currently MDR-TB cases are referred to and manged within the TB control programme Lung specialists, public health experts, representatives of the NTP, of the Ministry of Healthe (MoH) and of the National Reference Laboratory adopted a treatment scheme together with technical guidelines. Since 2005, 19 three specialized units are in charge of MDR-TB diagnosis and treatment: Jamot TB Reference Hospital in Yaoundé (Jamot), the Centre of Pneumo-Phtysiology of Laquintinie Hospital (Laquintinie) and Dibamba Catholic Health Centre (Dibamba). Failures among retreatment cases are referred to Jamot or Laquintinie or Dibamba hospitals or are proposed to undergo sputum culture (in the National TB Reference Laboratory (CPC) in Yaounde or in CEBEC Baptist Hospital (CEBEC) in Douala. Drug Sensitivity tests (DST) for both laboratories are done in CPC. In case of culture-confirmed MDR-TB diagnosis, patients are taken care and a 'kit' at the office of health programme of the German Technical Cooperation (GTZ) in Douala is then delivered directly to and managed in one of the three specialized MDR-TB treatment units. GTZ is in charge of the drug procurement. The GTZ office imports the drugs. Prices vary currently between 300 USD and 500 USD according to patients' weight [35] . West resistant to at least one drug: 13.3%; initial resistance rates: 11.29%; acquired resistance rates: 23.07%; Multidrug-resistance (MDR): 6.67%. [42] South end East resistant to at least one drug: 11.9%; initial resistance rate: 13.7%; no acquired resistance; Multidrug-resistance (MDR): 1.58%; No resistance for ethambutol [43] Littoral Twenty six patients (12%) harbored multi-drug resistant (MDR) strains. [44] Centre The overall resistance: 10.9%; The overall resistance for isoniazid: 4.7%, streptomycin: 3.3%, rifampicin: 0.2%, kanamycin: 0.2% and ofloxacin: 0.2% . The MDR rate: 1.1% and no XDR [45] . presenting directly in one of the DTCs or for referred suspects. Algorithms for the detection of ss-PTB cases are conceived and applied according to WHO's and the European Union's recommendations. Regularly, awareness campaigns are performed through the media in order to diffuse knowledge about TB signs and symptoms, the localization of DTCs and the conditions for being diagnosed and treated. Some Regions produce and distribute continuously flyers with information about TB and TB treatment facilities, too, for special populations like prison inmates. In some Christian missionary networks, routine contact tracing among family members is done during systematic home visits of TB patients. -Active case finding for under-five children of infectious cases is recommended in the national guidelines but still not applied systematically [35] .
Strategies and methods for case finding and contact tracing
Conclusions
Investigations of genetic polymorphism of M. tuberculosis complex strains from humans in Cameroon has shown M. tuberculosis sensu stricto to be the predominant agent of TB cases, with the preponderance of the LAM10 family genotype and large shift of M. africanum. The resistance to all first line anti-TB drugs has declined significantly, however, the general rates of anti-TB drug resistance remain high in some regions, underscoring the need for greater enforcement of control strategies in the country.
